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SPARK IGNITION INTERNAL COMBUSTION ENGINE 
B ACKGR OU ND OF THE INVJSNTtON 

L Field of tfre Invention 

[0001] The invention relates to a spark ignition internal combustion engine in 
which a high-octane fuel and a low-octane fuel are mixed by a fuel mixture means adapted 
for mixing high and low-octane fuels at variable mixing ratios and a mixed fuel is supplied 
into a combustion chamber. 
2. Description of the Related Art 

[0002] Low-octane fuels are good in ignitability but poor in antiknock property, 
whereas high-octane fuels are poor in ignitability but good in antiknock property. Internal 
combustion engines in which a low-octane fuel and a high-octane fuel are mixed and 
supplied to an engine by fuel injection valves so as to meet an operating condition of the 
engine are known, as described in Japanese Patent Application Laid-Open Publication No. 
2001-050070. 

[0003] In such an internal combustion engine, however, the octane number of a 
mixed fuel supplied into the combustion chamber sometimes deviates from a target octane 
number due to the tolerance of a mixing device of the fuel injection valve or the like, 
although the high-octane fuel and the low-octane fuel respectively have predetermined 
octane numbers. According to the existing technologies, there is no method for detecting 
this deviation in octane number. Therefore, if the octane number deviates, the engine is 
operated with the deviated octane number remaining, and therefore cannot exactly deliver 
intended operation performance, that is, intended accelerating performance, intended fuel 
consumption, and intended exhaust emissions. 

[0004] Therefore, in an apparatus described in Japanese Patent Application Laid- 
Open Publication No. 4-234571, the octane number of fuel is estimated, and an ignition 
riming corresponding to the estimated octane number is set so that the engine can always 
operate at a knocking limit. However, the apparatus described in Japanese Patent 
Application Laid-Open Publication No. 4-234571 merely performs a generally-termed 
symptomatic treatment in which a deviation in the octane number of fuel is met by 
adjustment in the ignition timing, and does not provide a radical cure in which the octane 
number of fuel is set to a predetermined value. That is, since the mixing proportion is not 
determined, the apparatus is not able to eliminate deviation in the mixing proportion. La 
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the case of a large deviation in the mixing proportion, the apparatus may be incapable of 
achieving a practical effect: 

SUMMARY OP THE INVENTION 

[0005] It is an object of the invention to provide a spark ignition internal 
combustion engine in which a high-octane fuel and a low-octane fuel are mixed and 
supplied to the engine, and the mixing proportion between the high-octane fuel and the 
low-octane fuel in the mixed fuel can be determined. 

[0006] In accordance with a first aspect of the invention, a spark ignition internal 
combustion engine in which a high-octane fuel and a low-octane fuel are mixed so that a 
mixing proportion is variable by fuel mixture means and a mixed fuel is supplied into a 
combustion chamber, is characterized in that a standard octane number is set in accordance 
with an operation state of the spark ignition internal combustion engine, and a first mixing 
proportion between the high-octane fuel and the low-octane fuel is adjusted so as to 
achieve the standard octane number, and a reference ignition timing corresponding to the 
standard octane number is set, and knocking measurement means and mixing proportion 
estimation means are provided in the spark ignition internal combustion engine, and the 
knocking measurement means measures a state of occurrence of knocking during a 
predetermined operation state of the spark ignition internal combustion engine, and the 
mixing proportion estimation means determines a deviation value between a second 
mixing proportion between the high-octane fuel and the low-octane fuel really supplied 
into the combustion chamber and the first mixing proportion, the deviation value being set 
based on the measured state of occurrence of knocking, and estimates the second mixing 
proportion between the high-octane fuel and the low-octane fuel based on the deviation 
value. 

[0007] In the first aspect of the invention, the high-octane fuel and the low- 
octane fuel are mixed at a variable mixing proportion and supplied into a combustion 
chamber by the fuel mixture means. A standard octane number is set in accordance with 
the operation state, and the mixing proportion between the high-octane fuel and the low- 
octane fuel is adjusted so as to achieve the standard octane number, and a reference 
ignition timing corresponding to the standard octane number is set. The state of 
occurrence of knocking during a predetermined operation state is measured. On the basis 
of the measured state of occurrence of knocking, a deviation from the set mixing 
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proportion is determined, and a mixing proportion between the low-octane fuel and the 
high-octane fuel is estimated. Therefore, it becomes possible to easily estimate the 
mixing proportion between the low-octane fuel and the high-octane fuel. 

[0008] In the first aspect of the invention, if the second mixing proportion is 
different from the first mixing proportion, an amount of the high-octane fuel and/or an 
amount of the low-octane fuel supplied into the combustion chamber are/is changed so that 
the second mixing proportion becomes substantially equal to the first mixing proportion. 

[0009] In the first aspect or a form related thereto, if knocking does not occur 
during the predetermined operation state, the ignition timing may be advanced. Therefore, 
the engine can be operated in a region of a higher efficiency, so that the fuel economy and 
the engine output will improve. 

[0010] In the first aspect or a form related thereto, if knocking occurs during the 
predetermined operation state, a proportion of the high-octane fuel may be increased. 
Therefore, recurrence of knocking can be curbed. 

[0011] In the first aspect or a form related thereto, the knocking measurement 
means executes a knock control of retarding the ignition timing in accordance with a 
strength of knocking when knocking occurs, and the mixing proportion estimation means 
estimates the second mixing proportion based on an amount of retardation of the ignition 
timing caused by the knock control. 

[0012] In the first aspect or a form related thereto, the amount of retardation of 
the ignition timing caused by the knock control may be corrected by an intake air 
temperature. Therefore, the influence of the intake air temperature is eliminated, so that 
the precision in estimation of the mixing proportion becomes good. 

[0013] In the first aspect or a form related thereto, the fuel mixture means may 
mix the high-octane fuel and the low-octane fuel so as to achieve the standard octane 
number based on a known nominal octane number of the high-octane fuel and a known 
nominal octane number of the low-octane fuel. 

[0014] In the first aspect or a form related thereto, the spark ignition internal 
combustion engine may further comprise actual octane number detection means adapted 
for detecting an actual octane number of the low-octane fuel and an actual octane number 
of the high-octane fuel, wherein the fuel mixture means sets a third mixing proportion 
between the high-octane fuel and the low-octane fuel in accordance with the operation 
state so as to achieve the standard octane number based on the actual octane number of the 
high-octane fuel detected by the actual octane number detection means and the actual 
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octane number of the low-octane fuel detected by the actual octane number detection 
means. Therefore, due to the provision of the actual octane number detection means, the 
actual octane numbers of the low-octane fuel and the high-octane fuel are detected even if 
the octane numbers of the two fuels are not known beforehand. On the basis- of the 
detected actual octane numbers, the mixing proportion between the high-octane fuel and 
the low-octane fuel is set so as to achieve the standard octane number. Then, the state of 
occurrence of knocking during the predetermined operation state is measured by the 
knocking measurement means. On the basis of the measured state of occurrence of 
knocking, the mixing proportion estimation means determines a deviation from the set 
mixing proportion as described above, and thereby estimates the mixing proportion 
between the low-octane fuel and the high-octane fuel. 

[0015] In the first aspect or a form related thereto, the actual octane number 
detection means may set a proportion of the low-octane fuel at 100% to measure the state 
of occurrence of knocking during the predetermined operation state, and may determine 
the actual octane number of the low-octane fuel based on the measured state of occurrence 
of knocking, and may mix the low-octane fuel whose actual octane number has been 
determined with the high-octane fuel at a predetermined proportion, and may measure the 
state of occurrence of knocking during the predetermined operation state, and may 
determine the actual octane number of the high-octane fuel based on the measured state of 
occurrence of knocking. 

[0016] In the first aspect or a form related thereto, the spark ignition internal 
combustion engine may further comprise a fuel separator device that separates a fuel into 
the high-octane fuel and the low-octane fuel, wherein the mixing proportion estimation 
means determines whether the fuel separator device is normally operating so as to separate 
the fuel into the high-octane fuel having a predetermined octane number and the low- 
octane fuel having a predetermined octane number. Therefore, the high-octane fuel and 
the low-octane fuel are produced from a fuel through separation by the fuel separator 
device. Furthermore, it can be determined by the mixing proportion estimation means 
whether the fuel separator device is normally operating so as to separate the fuel into the 
high-octane fuel having a predetermined octane number and the low-octane fuel having a 
predetermined octane number. 

[0017] In the first aspect or a form related thereto, in the fuel separator device, a 
fourth mixing proportion in accordance with the operation state is set so as to attain the 
standard octane number on an assumption that the separated high-octane fuel and the 



WO 2004/1 11416 PCT/IB2004/001829 

5 

separated low-octane fuel have the predetermined octane numbers, and the mixing 
proportion estimation means determines that an operation of the fuel separator device is 
abnormal if the deviation value between the second mixing proportion determined based 
on the state of occurrence of knocking and the fourth mixing proportion is greater than a 
predetermined criterion value. 

[0018] In accordance with a second aspect of the invention, a method for 
estimating a mixing proportion between a high-octane fuel and a low-octane fuel which is 
supplied into a combustion chamber of a spark ignition internal combustion engine, 
characterized by comprising the steps of: a first step of setting a standard octane number in 
accordance with an operation state of the spark ignition internal combustion engine; a 
second step of adjusting a first mixing proportion between the high-octane fuel and the 
low-octane fuel so as to achieve the standard octane number; a third step of setting a 
reference ignition timing corresponding to the standard octane number; a fourth step of 
measuring a state of occurrence of knocking during a predetermined operation state; a fifth 
step of determining a deviation value between a second mixing proportion between the 
high octane fuel and the low octane fuel really supplied into the combustion chamber and 
the first mixing proportion, the deviation value being set based on the measured state of 
occurrence of knocking; and a sixth step of estimating the second mixing proportion 
between the high-octane fuel and the low-octane fuel based on the deviation value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG 1 is a diagram illustrating a construction of a first embodiment and 
its modifications. 

[0020] FIG. 2 is a diagram illustrating a construction of a sixth embodiment. 

[0021] FIG 3 is a flowchart illustrating a control in the first embodiment. 

[0022] FIG 4 is a flowchart illustrating a control in a second embodiment. 

[0023] FIG 5 is a flowchart illustrating a control in a third embodiment. 

[0024] FIG. 6 is a flowchart illustrating a control in a fourth embodiment. 

[0025] FIG 7 is a flowchart illustrating a control in a fifth embodiment. 

[0026] FIG 8 is "a flowchart illustrating a sub-routine of computing the octane 
number of a low-octane fuel in step 100A in FIG. 7. 

[0027] FIG. 9 is a flowchart illustrating a sub-routine of computing the octane 
number of a high-octane fuel in step 100B in FIG. 7. 
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[0028] FIG. 10 is a flowchart illustrating a control in the sixth embodiment. 

[0029] FIG 11 is a map that indicates a target octane number corresponding to 
the condition of operation. 

[0030] FIG 12 is a diagram illustrating changes in the octane number depending 
on the mixing proportion between the low-octane fuel and the high-octane fuel. 

[0031] FIG 13 is a map that indicates a total fuel injection amount corresponding 
to the operation condition. 

[0032] FIG. 14 is a map that indicates a basic ignition timing corresponding to 
the operation condition. 

[0033] FIG 15 is a map indicating a relationship between the retardation of the 
ignition timing by the knock control and the deviation in octane number. 

[0034] FIG 16 is a map that indicates an intake air temperature-based correction 
value for the octane number deviation. 

[0035] FIG 17 is a map that indicates the (post-correction) octane number 
deviation and the mixing proportion correction amount. 

[0036] FIG 18 is a diagram illustrating operation and effect of the second 
embodiment. 

[0037] FIG. 19 is a diagram illustrating operation and effect of the third 
embodiment. 

[0038] FIG 20 is a diagram illustrating operation and effect of the fourth 
embodiment. 

[0039] FIG 21 is a map indicating a relationship between the octane number and 
the retardation of the ignition timing by the knock control in accordance with the fifth 
embodiment. 

DETAILED DESCRIPTION OF THE PRE FERRED EMBODIMENTS 

[0040] Preferred embodiments of the invention will be described hereinafter with 
reference to the accompanying drawings. FIG 1 is a schematic diagram illustrating a 
construction of a first embodiment. Referring to FIG 1, a low-octane fuel tank 5 of a 
vehicle 100 stores a low-octane fuel that has a relatively low octane number, and a high- 
octane fuel tank 7 stores a high-octane fuel that has a relatively high octane number. 

[0041] The low-octane fuel and the high-octane fuel are supplied to fuel 
injection valves 13a, 13b via a low-octane fuel pump 5a and a high-octane fuel pump 7a, 
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respectively. The two fuel injection valves 13a, 13b are attached to an intake port 12 of a 
spark ignition internal combustion engine (hereinafter, simply referred to as "engine") that 
has an ignition plug 11. The fuel injection valves 13a, 13b inject into the intake port 12 
the low-octane fuel and the high-octane fuel at predetermined proportions suitable for the 
operating condition in accordance with a command from an electronic control unit (ECU) 
20. The injected fuels are mixed in the intake port 12 and a combustion chamber. 

[0042] Although in this embodiment, the two fuel injection valves 13a, 13b are 
provided on the intake port 12, it is also possible to provided one of the two injection 
valves as a fuel injection valve that injects fuel direcdy into the cylinder, or to provide one 
fuel injection valve capable of injecting two kinds of fuels into the intake port 12. 

[0043] The engine 10 is provided with a crank angle sensor 10a for detecting the 
engine revolution speed, and a knock sensor 10b for measuring the state of occurrence of 
knocking. Furthermore, an intake pipe 14 is provided with an air flow meter 14a for 
detecting the amount of intake air as a load. The air flow meter 14a has a built-in intake 
air temperature sensor for detecting the temperature of intake air. Values detected by 
these sensors and meter are sent to the ECU 20. Various other sensors and the like send 
signals to the ECU 20, and the ECU 20 sends signals to many control devices and the like. 
However,, sensors, devices and the like that are not directly relevant to the invention are 
omitted from the illustration of the drawings. 

[0044] If the knock sensor 10b detects knocking, the ECU 20 retards the 
ignition timing of the ignition plug 11 so that knocking does not occur. This control will 
be hereinafter referred to as "knock control". 

[0045] In this embodiment, an octane number of a mixed fuel formed by the fuel 
injection valves 13a, 13b which is to be employed for the operating condition determined 
by the amount of intake air and the revolution speed, that is, a target mixed fuel octane 
number TMRON, is set. FIG 11 shows a map of the target mixed fuel octane number 
TMRON. In the map, the mixed fuel octane number TMRON is set low for low loads, 
and is set high for high loads. 

[0046] FIG 12 is a diagram illustrating mixture of the low-octane fuel and the 
high-octane fuel performed by the fuel injection valves 13a, 13b in order to achieve the 
mixed fuel octane number MRON set as mentioned above. For example, the mixed fuel 
octane number MRON of a mixture formed by mixing a low-octane fuel having an octane 
number LRON at a proportion RLRON and a high-octane fuel having an octane number 
HRON at a proportion RHRON (RLRON+RHRON= 1) is given as in MRON 
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RLRONxLRONRHRONxHRON. 

[0047] By rewriting this, the following equations are given. 
Proportion of high-octane fuel RHRON= (MRON-(RLRONx LRON))/HRON 
Proportion of low-octane fuel RLRON=(MRON-(RHRONxHRON))/LRON 

[0048] The first embodiment adopts known nominal octane numbers set as the 
low-octane fuel's octane number LRON and the high-octane fuel's octane number HRON. 

[0049] FIG. 3 is a map indicating the total quantity of injection QT of a mixed 
fuel having a mixed fuel octane number MRON as mentioned above, corresponding to the 
engine operating condition. FIG 14 is a diagram illustrating the basic ignition timing 
employed in the operation based on a fuel having a mixed fuel octane number MRON set 
as indicated in FIG. 11. The basic ignition timing is set so as to produce as great torque as 
possible while avoiding occurrence of knocking provided that mixed fuel octane numbers 
MRON are given as predetermined for various operating conditions. That is, the basic 
ignition timing is set at MBT (ininimum advance for best torque) if this setting is allowed. 
In regions where the setting at the MBT raises the possibility of occurrence of knocking, 
the basic ignition timing is set on the retarded side of the MBT. 

[0050] However, due to the manufacturing errors of the fuel injection valves 13a, 
13b or the like, there are cases where the mixed fuel octane number MRON predetermined 
for the operating condition is not injected. Therefore, in this embodiment, if knocking 
occurs during a certain operating state, for example, a steady operating state of about 50 
km/h, the deviation of the actual mixed fuel octane number from a target octane number is 
determined from the situation of occurrence of the knocking, and the deviation is corrected 
by the intake air temperature, and then is used to compute a correction amount for the 
mixing proportion. Then, the correction amount is added to the present mixing 
proportion to determine a mixing proportion. 

[0051] FIG. 3 is a flowchart illustrating a process of executing a control in 
accordance with the first embodiment. First, it is determined in step 101 whether the 
present operation state is a predetermined steady operation state. If the result of 
determination is negative, the process immediately ends. If the result of determination is 
affirmative, the process proceeds to step 102, in which it is determined whether knocking 
has occurred, from the operation of the knock sensor 10b, more specifically, on the basis of 
whether the knock sensor has detected knocking and, on the basis of the detection, the 
ignition timing has been retarded. If the result of determination is negative, that is, if 
knocking has not occurred, the process immediately ends. 
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[0052] If the result of determination in step 102 is affirmative, that is, if 
knocking has occurred, the process proceeds to step 103, in which an amount of retardation 
KNKSA in the ignition timing based on a knock control is input. Subsequently in step 
104, a deviation DRON in the octane number of fuel corresponding to the amount of 
retardation KNKSA of the ignition timing based on the knock control is determined from a 
pre-stored map as shown in FIG. 15. 

[0053] Since knocking is affected by the intake air temperature, a temperature 
correction factor KT for the deviation DRON in octane number is determined in step 105 
from a pre-stored map as shown in FIG. 16. Subsequently in step 106, the deviation 
DRON in octane number is multiplied by the temperature correction factor KT to compute 
a post-temperature correction deviation DRONF in octane number corresponding to a 
standard temperature state. Subsequently in step 107, a mixing proportion correction 
amount RDRONF corresponding to the post-temperature correction octane number 
deviation DRONF is determined from a map as shown in FIG. 17. 

[0054] The mixing proportion correction amount RDRONF is a correction 
amount that is to be used for a present target high-octane fuel proportion RHRONi 
computed corresponding to the present target octane number TMRON set as in FIG 11. 
Subsequently in step 108, the mixing proportion correction amount RDRONF determined 
in step 107 is added to the present target high-octane fuel proportion RHRONi to 
determine a new high-octane fuel proportion RHRONi. Subsequently in step 109, the 
new mixing proportion RHRONi of the high-octane fuel determined in step 108 is 
subtracted from 1 to determine a new mixing proportion RLRONi of the low-octane fuel. 

[0055] Subsequently in step 1 10, a total fuel injection quantity QT for the present 
operation state is input from the map indicated in FIG. 13. In steps 111 and 112, the total 
fuel injection quantity QT input in step 110 is multiplied by the mixing proportion 
RHRONi of the high-octane fuel and the mixing proportion RLRONi of the low-octane 
fuel determined in steps 108 and 109, respectively, to determine new injection quantities 
QHi, QLi of the high-octane fuel and the low-octane fuel. 

[0056] The first embodiment is constructed, and operates as described above. 
That is, if knocking occurs in a predetermined steady operation state and the ignition 
timing is retarded by the knock control, the deviation in octane number is computed from 
the amount of retardation, and then is corrected so as to offset the influence of the intake 
air temperature. The thus-corrected octane number deviation is used to compute a 
deviation in the mixing proportion. On the basis of the computed deviation, the mixing 
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proportions of the high-octane fuel and the low-octane fuel are computed and then 
corrected to attain target mixing proportions. 

[0057] A second embodiment will next be described. 

FIG 4 is a flowchart illustrating a control of a second embodiment as a first 
modification of the first embodiment. Steps 101 to 112 are the same as those in the first 
embodiment. The second embodiment is different from the first embodiment in that step 
113 is added, in which the retardation in timing caused by the knock control is removed. 

[0058] FIG 18 illustrates concept and effect of a control of the second 
embodiment. As indicated in FIG. 18, if knocking occurs, the ignition timing is retarded 
by the knock control. However, the high-octane fuel proportion RHRON is increased, so 
that occurrence of knocking becomes unlikely and therefore the ignition timing is returned 
to the original timing. Hence, the fuel consumption reduces (the fuel efficiency 
improves), and deterioration in fuel economy can be prevented. 

[0059] A third embodiment will next be described. FIG. 5 is a flowchart 
illustrating a control in accordance with the third embodiment. 

Steps 101 to 113 are the same as those in the second embodiment. However, the third 
embodiment is different from the second embodiment in that step 114 is added, in which 
the ignition timing is advanced to MBT if a negative determination is made in step 102, 
that is, if knocking does not occur. 

[0060] FIG 19 illustrates concept and effect of the control of the third 
embodiment. As indicated in FIG 19, if knocking does not occur, the ignition timing is 
advanced to MBT, so that the fuel consumption reduces (the fuel efficiency improves) and 
the fuel economy improves. If the basic ignition timing SA is set at the MBT, there is no 
effect achieved. However, if the basic ignition timing SA is set at a retarded side of the 
MBT in order to prevent occurrence of knocking, the ignition timing can be advanced to 
the MBT. Therefore, the aforementioned effect can be achieved. 

[0061] Next, a fourth embodiment will be described. FIG. 6 is a flowchart 
illustrating a control in accordance with the fourth embodiment. Steps 101 to 113 are the 
same as those in the second embodiment. However, the fourth embodiment is different 
from the second embodiment in that step 114a is added. In step 114a, the low-octane fuel 
proportion is increased if a negative determination is made in step 102, that is, if knocking 
does not occur. 

[0062] FIG 20 is a diagram illustrating concept of a control in accordance with 
the fourth embodiment. If knocking does not occur during a predetermined steady 
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operation state, increasing the low-octane fuel proportion will eventually cause knocking. 
Since increasing the proportion of the low-octane fuel eventually causes knocking, an 
affirmative determination will be made in step 102, so that execution of steps 103 and 113 
will follow, whereby the mixing proportion will be adjusted again to an optimum 
proportion. Due to the above-described arrangement, the fourth embodiment, that is, the 
third modification of the first embodiment, prevents a continued use of a fuel having an 
unnecessarily high octane number. 

[0063] In the first to fourth embodiments, the mixing proportion between a high- 
octane fuel and a low-octane fuel is set in accordance with the operation state so as to 
achieve a standard octane number on the assumption that the high-octane fuel and the low- 
octane fuel have known nominal octane numbers. However, there are cases where the 
octane numbers of a high-octane fuel and a low-octane fuel are unknown, or the nominal 
octane number of a fuel deviates from its actual octane number. 

[0064] A fifth embodiment copes with these cases. The fifth embodiment will, 
next be described. In the fifth embodiment, the octane numbers of a low-octane fuel and 
a high-octane fuel that are stored in the low-octane fuel tank 5a and the high-octane fuel 
tank 7a, respectively, are determined, and a mixing proportion between the two fuels is set 
on the basis of the determined octane numbers of the fuels. If a deviation from the 
mixing proportion occurs, the deviated mixing proportion is determined. 

. [0065] FIG 7 shows a flowchart illustrating a control in accordance with the fifth 
embodiment. Steps 101 to 112 are the same as those in the first embodiment. In the 
fifth embodiment, however, steps 100A to 100D are executed prior to step 101. In step 
100A, a low-octane fuel octane number LRON is computed. In step 100B, a high-octane 
fuel octane number HRON is computed. Subsequently in step 100C, the octane numbers 
LRON and HRON computed in steps 100A and 100B are input. In step 100D, on the 
basis of the input LRON and HRON, a mixing proportion corresponding to the operation 
state is set. 

[0066] FIG. 8 is a flowchart illustrating a routine executed in step 100A to 
compute the octane number LRON of the low-octane fuel. If it is determined in step Al 
that the present operation state is a predetermined operation state, the process proceeds to 
step A2, in which the proportion of the low-octane fuel is set to 100%. Then, if it is 
recognized in step A3 that knocking has occurred, the amount of retardation in ignition 
timing caused by the knock control in response to the occurrence of knocking is input in 
step A4. Subsequently in step A5, a low-octane fuel octane number LRON is computed 
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from a map shown in FIG 21. If the determination in step A2 is negative, the process 
immediately ends. If occurrence of knocking is not recognized in step A3, the ignition 
timing is advanced in step A6 so as to cause occurrence of knocking. 

[0067] FIG 9 is a flowchart illustrating a routine executed in step 100B to 
compute the octane number HRON of the high-octane fuel. If it is determined in step Bl 
that the present operation state is a predetermined operation state, the process proceeds to 
step B2, in which the low-octane fuel octane number LRON determined as described 
above is input. 

[0068] Subsequently in step B3, the low-octane fuel, whose octane number has 
been found, and the high-octane fuel, whose octane number is unknown, are mixed at a 
predetermined proportion. It is preferable that the proportion be set so as to provide a 
mixed fuel that has a relatively low octane number, for example, the low-octane fuel: the 
high-octane fuel=9:l, and is therefore likely to cause knocking. 

[0069] Then, if occurrence of knocking is recognized in step B4, the amount of 
retardation in the ignition timing caused by the knock control in response to the occurrence 
of knocking is input in step B5. Subsequently in step B6, an octane number MRON of 
the mixed fuel obtained by mixing the two fuels at the predetermined proportion as 
described above is computed from the map shown in FIG. 21. 

[0070] From MRON=HRONxTRHRON+LRONx (1 -TRHRON) where 
TRHRON is the proportion of the high-octane fuel, HRON=LRON+(MRON- 
LRON)/TRHRON holds. On the basis of the equation HRON=LRON+(MRON- 
LRON)/TRHRON, the octane number HRON of the high-octane fuel is determined in step 
B7. If the determination in step Bl is negative, the process immediately ends. If 
occurrence of knocking is not recognized in step B4, the ignition timing is advanced in step 
B4 so as to cause occurrence of knocking. 

[0071] The fifth embodiment operates as described above. That is, the actual 
octane numbers of the low-octane fuel and the high-octane fuel are determined, and then 
the two fuels are mixed so as to attain a target octane number. Therefore, a fuel having a 
standard octane number in accordance with the operation state can be obtained even in the 
case where the octane numbers of the high-octane fuel and the low-octane fuel are 
unknown, or the octane numbers of the high-octane fuel and the low-octane fuel deviate 
from their nominal octane numbers. 

[0072] Next, a sixth embodiment will be described. 

[0073] FIG 2 is a diagram illustrating a structure of the sixth embodiment. In 
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addition to the arrangement of the first to fifth embodiments shown in FIG 1, the sixth 
embodiment further include a fuel tank 3 storing a fuel, and a fuel separator device 4 for 
separating the fuel supplied from the fuel tank 3 via a fuel pump 3a into a high-octane fuel 
and a low-octane fuel. Although not illustrated in detail, the fuel separator device 4 is 
equipped with, for example, a separating membrane having a good permeability for 
aromatic components, and causes the fuel to flow toward the separating membrane, and 
therefore separates the fuel into a high-octane fuel containing a large amount of aromatic 
components which passes through the separating membrane, and a low-octane fuel 
containing a reduced amount of aromatic components which is recovered without passing 
through the separating membrane. 

[0074] However, the fiiel separator device 4 is not limited to this type of device, 
but may be of any type of device if the device is able to separate a fuel into a high-octane 
fuel and a low-octane fuel. For example, the fuel separator device 4 may be of a type in 
which the separation is accomplished by fractional distillation. In any type, the low- 
octane fuel and the high-octane fuel separated by the fuel separator device 4 are stored into 
a low-octane fuel tank 5 and a high-octane fuel tank 7 similar to those of the first and 
second embodiments. 

[0075] According to the separating membrane type fuel separator device 4 in the 
sixth embodiment, a commercially available regular gasoline, having an octane number of 
about 90, can be separated into a gasoline having an octane number of about 86 and a 
gasoline having an octane number of about 100 if the separator device normally operates. 
A commercially available high-octane gasoline, having an octane number of about 100, can 
be separated by the separator device 4 into a gasoline having an octane number of about 96 
and a gasoline having an octane number of about 110. 

[0076] In the sixth embodiment, therefore, a target octane number of a mixed 
fuel, the ignition timing and the like are set on the assumption that if a regular gasoline is 
stored in the fuel tank 3, a low-octane fuel having an octane number of 86 and a high- 
octane fuel having an octane number of 100 are stored into their respective tanks, and if a 
high-octane gasoline is stored in the fiiel tank 3, a low-octane fuel having an octane 
number of 96 and a high-octane fuel having an octane number of 110 are stored into their 
respective tanks. In the sixth embodiment, knocking is avoided during a predetermined 
steady operation state. 

[0077] On the aforementioned preconditions, a control illustrated by a flowchart 
shown in FIG 10 is executed. Steps 101 to 107 are the same as those in the first 
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embodiment. However, the sixth embodiment is different from the first embodiment in 
that step 107 is followed by execution of steps 107E to 107Q and steps 108 to 112 are 
omitted. In step 107E, it is determined whether the RDRONF computed in step 107 is 
greater than a predetermined criterion value JSER If the determination in step 107E is 
affirmative, it is determined in step 107F that the fuel separator device has abnormality. 
If the determination in step 107E is negative, it is determined in step 107G that the fuel 
separator device does not have abnormality. After that, the process ends. If it is 
determined that the fuel separator device has no abnormality, it is also possible to execute 
steps 108 to 112 in the first embodiment in order to determine a mixing proportion 
deviating from the standard mixing proportion due to abnormality in a portion or the like 
other than the fuel separator device. Since the sixth embodiment operates as described 
above, it can be determined whether the fuel separator device 4 is normally operating so as 
to separate a fuel into a high-octane fuel having a predetermined octane number and a low- 
octane fuel having a predetermined octane number. 



